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Are Young and Old Workers Harmful for Firm Productivity?
*
 
This paper investigates the effects of the workforce age structure on the productivity of large 
Belgian firms. More precisely, it examines different scenarios of changes in the proportion of 
young (16-29 years), middle-aged (30-49 years) and old (more than 49 years) workers and 
their expected effects on firm productivity. Using detailed matched employer-employee data, 
we find that a higher share of young (old) workers within firms is favourable (harmful) for firm 
value added per capita. Results also show that age structure effects on productivity are 
stronger in ICT than in non-ICT firms. 
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There is strong evidence that the average age of the population is steadily increasing in most 
European countries. This ongoing demographic change might have serious consequences for 
the management of human resources within firms. This paper aims to examine one of these 
effects. More precisely, we want to investigate whether the age structure of the workforce has 
an impact on the productivity of Belgian firms. This issue is of major importance for 
economic policy as most production in Belgium draws on prime-aged workers (25-54 age 
group). Indeed, Belgium’s employment rate for people aged 55-64 is one of the lowest in the 
OECD area (34% in 2007 (OECD, 2008)). The withdrawal of older people from the Belgian 
labour market is mainly due to the existence of attractive (to both employers and employees) 
early retirement schemes. It also derives from the fact that older workers are often considered 
by employers as more costly and less productive than prime-aged workers. Moreover, 
Belgium is characterized by a low employment rate and a high unemployment rate (19% in 
2007 (OECD, 2008)) for people aged 15-24. Most young unemployed have a low level of 
education (OECD, 2007). This is not surprising as firms often complain that young workers 
have a lack of relevant skills and therefore prefer to opt for middle-aged individuals. Finally, 
let us notice that the rapid ageing process of the population requires policy-makers in most 
European countries, and certainly in Belgium, to find solutions to reduce the pressure that the 
demographic dependency ratios put on public finances. One way to deal with this issue is to 
increase the employment rate of people aged 55-64 (the European target stands at 50% for 
2010). Another (complementary) solution would be to improve the employment prospects of 
young people. These changes in the workforce age structure may have important 
consequences for the productivity of firms. Yet, the empirical evidence on this issue is 
surprisingly limited. Moreover, as far as we know, this question has never been investigated 
for Belgium. 
  2  The theoretical literature on the relation between age and productivity is ambiguous. 
On the one hand, several theories suggest that older workers are more productive. Mincer 
(1974), for instance, argues that older workers have more job experience and know-how, 
which increases their individual performance. There is also a higher probability that they have 
been assigned to their best position in the firm organization (Jovanovic, 1979). Moreover, 
they are more likely to have correctly matched their job preferences with the employer’s 
requirements (Johnson, 1978). Autor et al. (2003) expect a rise of the performance of older 
workers over time. The point is that during the last decade the demand for interactive skills on 
the US labour market (i.e. abilities which do not generally vary with age) has increased more 
than the demand for problem-solving and mathematical abilities (i.e. skills that are supposed 
to be declining with age). On the other hand, there are multiple factors suggesting that 
younger workers are more productive. One of the most frequently cited arguments is that a 
worker’s health tends to deteriorate over the life cycle (e.g. diseases, absenteeism, body 
strength, depression, etc.). In addition, it is argued that cognitive abilities generally decrease 
with age.
1 This may result in a lower productivity level of older workers, unless their job 
experience and specific knowledge compensate for their inferior cognitive skills.
2 Besides, 
young people are thought to be more motivated to exert higher effort since they want to give a 
good signal to their employer (Grund and Westergaard-Nielsen, 2005). In contrast, older 
people might be less willing to invest in training programmes since they are closer to 
retirement and cannot learn new skills well (Hayward et al., 1997). This is in general the 
perception that employers have of older workers (Itzin et al., 1994). Moreover, employers 
might be more reluctant to invest in training for older workers because they have a shorter 
period of time to benefit from on-the-job training (Brooke, 2003; Prskawetz et al., 2006). 
                                                 
1 Cognitive abilities reflect inter alia numerical capabilities and verbal, reasoning and problem solving abilities. 
2 See Skirbekk (2003) for a broad literature review on this issue. 
  3Nevertheless, the reverse argument might also hold since young workers change jobs more 
often, which might reduce the return of employers to on-the-job training (Taylor and Urwin, 
2001). 
  The empirical literature regarding the impact of the workforce age structure on the 
productivity of firms is still limited. Most papers, relying on matched employer-employee 
data, report a positive and hump-shaped relationship between workforce age and firm 
performance. In general, strong decreases in productivity are observed after the age of 50.
3 
However, two studies found that productivity peaks at 55 years or more (Hellerstein and 
Neumark, 1995; Hellerstein et al., 1999). Yet, these results may be attributed to the poor 
quality of data in the former study and to the use of output as an estimate of productivity in 
the latter. In general, studies investigating the age-productivity relationship use workers’ 
mean age or shares of workers by age groups as an indicator of the age structure of the 
workforce, while the most common measure of firm productivity is firm’s value added. Yet, 
many papers rely on cross-sectional data and/or focus on a particular sector of economic 
activity (in general, the manufacturing and mining sector). 
  This paper is the first to investigate the effects of the workforce age structure on firm 
productivity in the Belgian private sector. Our main objective is to show whether shifts in the 
current workforce age structure would be beneficial or detrimental for the productivity of 
Belgian firms. More precisely, we examine different scenarios of changes in the proportion of 
young and old workers and their effects on firm productivity. This paper contributes 
significantly to the existing literature as it is one of few to: i) focus on more than one or two 
industries, ii) show the impact on productivity of all possible changes in the proportion of 
                                                 
3 See Andersson et al. (2002) for Sweden, Aubert and Crépon (2003) for France, Dostie (2006) for Canada, 
Grund and Westergaard-Nielsen (2005) for Denmark, Haegeland and Klette (1999) for Norway, Haltiwanger et 
al. (1999) for US, Hellerstein and Neumark (2004) for US, Malmberg et al. (2005) for Sweden, Prskawetz et al. 
(2006) for Austria. 
  4young, prime-aged and old workers at the firm level, iii) distinguish between ICT and non-
ICT firms, and iv) deal with the potential endogeneity problem of the workforce age 
structure.
4
  In the first part of the paper, we use two detailed matched employer-employee data 
sets for the years 1995 and 2003. It enables us to test the stability of the results over time and 
to take into account (to a certain extent) the potential cohort effects that could drive age 
effects. Our data sets derive from the combination of the Structure of Business Survey (SBS) 
and the Structure of Earnings Survey (SES). The former provides firm-level information on 
financial variables and in particular on the productivity of the workforce (e.g. value added). 
The latter contains detailed information on individual workers (e.g. gross hourly wages, age, 
education, sex, and occupation) and on firm characteristics (e.g. sector of activity, level of 
wage bargaining, and firm size).  
  In the second part of the paper, we perform sensitivity and robustness tests. First, we 
examine whether results may differ across firms that use ICT intensively and those that do 
not. Next, we address two potential problems linked to the robustness of OLS estimates of age 
effects. To do so, we rely on a unique small panel data set of firms built from a combination 
of the SES and SBS in 1995 and 2003. On the one hand, we try to correct for the endogeneity 
of workforce age structure using its lagged values. On the other hand, we try to control for 
firm fixed effects by estimating our model in first differences. 
  The plan of the rest of the paper is as follows. We first present the data set in section II 
and describe our methodology in the next section. In section IV, we explain our sampling 
                                                 
4 Recently, several papers have tried to overcome this problem. For papers using IV estimations to correct for the 
bias of simultaneity, see: Andersson et al. (2002), Aubert and Crépon (2003) and Malmberg et al. (2005). In 
contrast, Hellerstein and Neumark (2004) and Dostie (2006) follow the methodology developed by Olley and 
Pakes (1996) and Levinshon and Petrin (2003), which consists in proxying firm’s unobservable productivity 
shocks by either investments or intermediate inputs. 
  5scheme and show several descriptive statistics. Section V is devoted to the presentation and 
discussion of the main results. In sections VI and VII, we run sensitivity and robustness tests. 
We draw some conclusions in the last section. 
 
2. DATA SET 
 
Each final data set (for 1995 and 2003) is based upon a unique combination of two large-scale 
data sets. The first, conducted by Statistics Belgium
5, is the Structure of Earnings Survey 
(SES). It covers all Belgian firms employing at least 10 workers and with economic activities 
within sections C to K of the NACE Rev.1 nomenclature. It thus encompasses the following 
sectors: mining and quarrying (C), manufacturing (D), electricity and water supply (E), 
construction (F), wholesale and retail trade, repair of motor vehicles, motorcycles and 
personal and household goods (G), hotels and restaurants (H), transport, storage and 
communication (I), financial intermediation (J), and real estate, renting and business activities 
(K). The survey contains a wealth of information, provided by the management of the firms, 
both on the characteristics of the firms (e.g. sector of activity, number of workers, level of 
collective wage bargaining, type of economic and financial control, region) and on the 
individual employees (e.g. age, educational level, tenure, gross earnings, paid hours, sex, 
occupation, type of contract).  
  The SES provides no financial information. This is why the SES has been combined 
with the Structure of Business Survey (SBS). It is a firm-level survey, conducted by Statistics 
Belgium, with a different coverage than the SES in that it includes neither the financial sector 
                                                 
5 According to the instructions given by Eurostat (E-U regulation Nr. 2744/95). 
  6(NACE J)
6 nor firms with less than 20 employees. Both data sets have been merged by 
Statistics Belgium using firms’ social security number. The SBS provides firm-level 





In order to investigate the effects of the workforce age structure on firm productivity, we 
estimate a regression where the dependent variable is the productivity per worker. The age 
structure of the workforce within a plant is measured by several age shares variables (3 
categories). In addition, we control for a large list of variables influencing firm performance.  
 
j j j j j j j Y X A A A P ε δ γ β β β α + + + + + + = 3 3 2 2 1 1 ln ln ln ln                                                  (1) 
 
j P  is the productivity of firm j and is measured by the value added per employee. The value 
added (at factor costs) per employee is obtained by dividing the firm’s annual gross operating 
income (plus subsidies, minus indirect taxes) by the number of workers in the firm. We split 
employees of a firm into three age groups: <30, 30-49, 50+. Afterwards we calculate the share 
of workers in each of these three categories that we integrate as explanatory variables in the 
regression ( , , ). We believe that these age groups provide a good representation of 
the different stages in the individual life cycle. Indeed, as noted by Malmberg et al. (2005), 
one may suppose that workers younger than 30 years are more healthy, mobile and motivated 
individuals. The middle-aged workers might i) have heavier family responsibilities, ii) be 
j A1 j A2 j A3
                                                 
6 In 2003, the SBS includes a small fraction of the financial sector, i.e. NACE 652 (Other financial 
intermediation) and 67 (Activities auxiliary to financial intermediation). 
  7more experienced and iii) hold important management responsibilities. Workers older than 50 
years of age could i) have a good knowledge of themselves (e.g. they know how to be 
productive with a minimum of effort), ii) have a better matching of their abilities with their 
job preferences, iii) be less motivated to learn and iv) suffer a weakening of their health. 
Moreover, using the log of age groups allows to include all three categories in spite off the 
fact that non-logged values sum up to 1.   is a set of aggregate worker characteristics per 
firm. It comprises: the mean and standard deviation of education (number of years of 
schooling)
j X
7, the mean and standard deviation of gross hourly wages
8, the share of blue-collar 
workers, the share of women, and the percentage of part-time workers.   is a set of firm 
characteristics : the size (exact number of employees), the industrial sector (at the NACE one 
digit level), the level of collective wage agreement, the regional affiliation, and the type of 
economic and financial control. 
j Y
 
4. SAMPLING AND DESCRIPTIVE STATISTICS 
 
Since sampling percentages of employees in the 1995 and 2003 SES depend on firm size, we 
decide to focus on firms employing at least 100 individuals in order to have a sufficient 
                                                 
7 The idea is to take into account the fact that firms with a higher mean level of skilled workers may perform 
better. Moreover, as shown in the literature (see Iranzo et al. (2008) for a broadly detailed review), skill 
dispersion and firm productivity may also be linked. 
8 We include the mean value of gross hourly wages within each firm in order to control for efficiency wage 
effects (see Akerlof and Yellen (1986) and Weiss (1991)). Moreover, we account for the dispersion of earnings 
within firms because of the (dis)incentive effect of wage inequality within firms on firm performance (see 
Lallemand et al. (2004, 2007) for empirical evidence)). 
  8number of observations per firm.
9 This selection criterion leads to an average number of 
observations per firm that is equal to 32 in 1995 and 26 in 2003. Using this criterion, there 
remains a low percentage of firms with less than 10 observations (5.3% in 1995 and 0.2% in 
2003). To maximize the quality of age shares variables, we prefer to drop these firms. We 
also restrict the analysis to firms with a positive value added. Indeed, the idea is to avoid that 
estimates of age structure effects are biased by firms with a negative value added since the 
latter are more likely to close down. Actually, only 2 firms in 1995 and 7 firms in 2003 have a 
negative productivity. The two final samples cover 691 firms in 1995 and 1,204 firms in 
2003.  
 
[Insert Table 1] 
 
  Table 1 sets out the means (standard deviations) of selected variables. Descriptive 
statistics are quite stable over time. Firms have a mean value added per capita of around 
70,000 euros in 2003. In 1995, the age structure of the workforce within firms is on average 
composed by: 26 percent of workers younger than 30 years, 60 percent of prime aged workers 
(between 30 and 49 years) and 14 percent of older workers (with at least 50 years). In 2003, 
these figures are very similar. However, one may notice a slight increase in the share of older 
                                                 
9 The SES is a stratified sample. The stratification criteria refer respectively to the region (NUTS1), the principal 
economic activity (NACE-groups) and the size of the firm (determined by the data obtained from the Social 
Security Organisation). The sample size in each stratum depends on the size of the firm. Sampling percentages of 
firms equal respectively 10, 50 and 100% when the number of workers is lower than 50, between 50 and 99, and 
above 100. Within a firm, sampling percentages of employees also depend on size. Sampling percentages of 
employees reach respectively 100, 20 and 10% when the number of workers is lower than 50, between 50 and 
99, and above 100. The consequence of these stratification criteria is that the number of data points depends 
upon firm size.  
  9workers and a 4 percentage points decrease in the proportion of younger workers. Firms are 
composed on average of workers who are 37 years old and the standard deviation of workers’ 
age is slightly above 9 years. Other workforce characteristics do not vary very much between 
1995 and 2003. In 1995, i) the share of women within firms amounts approximately to 28%, 
ii) the average number of years of tenure reaches 11 years, iii) the mean number of years of 
schooling is equal to 11, and iv) the share of blue collar workers amounts to 46%. In both 
samples, the three most representative sectors of economic activity are: i) manufacturing 
(around 50%), ii) wholesale and retail trade firms (around 20%) and iii) real estate, renting 
and business activities (around 15%). In 1995, we have data on electricity and water supply 
(NACE E, around 1%) but we do not observe any firms within financial activities (NACE J). 
The reverse pattern holds for 2003. Also noteworthy is that most of Belgium’s economic 
activity is concentrated in Flanders, whatever the year of reference. Finally, descriptive 
statistics indicate that around 40% of firms renegotiate national and/or sectoral collective 





                                                 
10 In Belgium, as in the majority of European countries, wage bargaining occurs at multiple levels: the national 
(inter-professional) level, the sectoral level and the company level. They generally occur every two years on a 
pyramidal basis. In principle, they are inaugurated by a national collective agreement defining a minimum level 
in wage terms. This national agreement can be improved within every sector of activity. Then we have the 
company negotiations where the sectoral collective agreements may be renegotiated (except where there is an 
imperative clause). However, these cannot give rise to a collective agreement which would run counter to the 
sectoral and/or national agreements. In other words, the wage bargained at the firm level can only be greater or 
equal to the wage set at the national and/or industry level (except in particular cases where there is an opt-out 
clause). 
  105. GENERAL ANALYSIS 
 
Table 2 contains the estimates of age shares effects on firm productivity in 1995 and 2003. 
Regressions, based on equation (1), have been estimated by OLS with White (1980) 
heteroscedasticity-consistent standard errors. Control variables (respectively, workforce and 
firm characteristics) have been included step by step in order to examine how the age effects 
on firm productivity change. 
 
[Insert Table 2] 
 
  Columns (1) and (4) present the results when firm productivity is explained by the age 
structure of the workforce solely. In 1995, each age variable has a positive effect on firm 
productivity but the coefficient associated with middle-aged workers is the only one to be 
significant. In 2003, all age coefficients are positive and significant, except the variable of 
young workers which is not significant. Consecutively to the inclusion of firm-level 
characteristics of the workforce (education, gender, occupation) and information on 
compensation schemes (wage and working time) the coefficient associated with the share of 
younger workers becomes significant (see columns (2) and (4)). Adding industry dummies 
and other firm characteristics reduces the value of each coefficient (see columns (3) and (6)). 
Also noteworthy is that the share of older workers remains not significant in 1995. The R² of 
the model is around 68% in 1995 and 50% in 2003. 
 
[Insert Table 3] 
 
  11  Interpretation of results from Table 2 is not so straightforward. Indeed, the age shares 
variables cannot vary independently of each other. In other words, a decrease in the value of 
one variable must be accompanied by a corresponding increase in one or two of the other age 
categories. Moreover, the overall effect of increasing or decreasing the share of workers in a 
given age category depends on the initial size of each age group. From Table 1, it appears that 
a typical firm is composed in 2003 of around 22% of young people (<30 years), 61% of 
middle-aged workers (30-49 years) and 17% of elderly individuals (at least 50 years). The 
overall effects on firm productivity of increasing the share of one age group while decreasing 
one of the two other categories are presented in Table 3. Let us take an example. In 2003, a 10 
percent increase in the proportion of young workers to 24.2% combined with a corresponding 
decrease of middle-aged workers to 58.8% (i.e. a 2.2 percentage points decrease representing 
a reduction of 3.6 percent of middle-aged workers with respect to the initial share) should 
increase firm productivity by around 0.6 percent on average (i.e. (10*0.137)-(3.6*0.205)). A 
very similar result is found if a rise in the share of young workers is combined with a decrease 
in the proportion of older individuals. Two other interesting results appear from Table 3. On 
the one hand, replacing young individuals with middle-aged workers reduces the productivity 
of firms. On the other hand, raising the concentration of older workers decreases firm 
productivity, regardless whether older individuals replace young or middle-aged workers. 
However, this negative effect is lower when firms employ older individuals instead of middle-
aged workers. To some extent, our results are quite in line with what one could expect from 
previous findings in the literature.
11 Indeed, our findings indicate that large Belgian firms 
(with a minimum of 100 workers) might increase their value added by i) raising the share of 
younger people or ii) increasing the proportion of middle-aged workers and simultaneously 
                                                 
11 See Aubert and Crépon (2003), Dostie (2006), Grund and Westergaard-Nielsen (2005), Haegeland and Klette 
(1999), Haltiwanger et al. (1999), Hellerstein and Neumark (2004), Ilmakunnas and Maliranta (2005). 
  12lowering the share of older workers. In contrast, firm productivity is negatively affected by an 
increase in the share of older workers. In other words, older workers seem to be harmful for 
firm productivity. Even if our results are qualitatively the same across the two time periods, 
the magnitude of the effects of changing the workforce age structure is stronger in 1995. In 
other words, a higher proportion of old workers (young and middle-aged workers) is found to 
be more detrimental (favourable) for firm productivity in 1995 than in 2003. How can we 
explain that age effects are weaker in 2003? First, it might be due to the sample size which is 
bigger in 2003. Hence, information on the composition of workforce age is more precise. 
Second, labour market indicators are better (the employment rate is higher and the 
unemployment rate lower for each age category) and on-the-job training is more 
systematically integrated within firms. In addition, continuous training is less unequally 
distributed across individuals (SPF Economie, 2005). 
 
6. SENSITIVITY ANALYSIS 
 
Firms do not use the same technologies and their economic activities do not require the same 
amount of investment in innovation. This implies that firms may need different types of 
worker skills. Indeed one may expect that firms using new advanced technologies will employ 
individuals with strong cognitive skills and learning capabilities. Since such abilities are 
decreasing over the worker’s life cycle and innovative firms are also more likely to invest in 
on-the-job training programmes, it could be more profitable for innovative firms to employ a 
higher share of younger workers. Unfortunately, our data set does not comprise information 
on technological and innovative activities of firms. Therefore, we rely on an ICT taxonomy 
developed by O’Mahoney and van Ark (2003), which distinguishes firms according to the 
ICT capital intensity of industrial sectors at the NACE three digit level. This methodology 
  13groups industries based on whether they produce ICT goods and services and whether they 
intensively use ICT or not. 
 
[Insert Table 4] 
 
  Differences in age profiles between firms using and producing ICT intensively on the 
one hand
12 and firms relying less intensively on ICT on the other
13 are not very large. 
However, Table 4 indicates that ICT sectors employ more young workers while non-ICT 
                                                 
12 ICT firms are found in the following sectors: Clothing (NACE 18); Printing and publishing (NACE 22); 
Mechanical engineering (NACE 29); Other electrical machinery and apparatus, except insulated wire (NACE 
31); Other instruments, except scientific instruments (NACE 33); Building and repairing of ships and boats 
(NACE 351); Aircraft and spacecraft (NACE 353); Furniture, miscellaneous manufacturing; recycling (NACE 
36-37); Wholesale trade and commission trade, except of motor vehicles and motorcycles (NACE 51); Retail 
trade, except of motor vehicles and motorcycles; repair of personal and household goods (NACE 52); Financial 
activities, except insurance and pension funding (NACE 65); Activities auxiliary to financial intermediation 
(NACE 67); Renting of machinery and equipment (NACE 71); Legal, technical and advertising (NACE 741-3); 
Office machinery (NACE 30); Insulated wire (NACE 313); Electronic valves and tubes (NACE 321); 
Telecommunication equipment (NACE 322); Radio and television receivers (NACE 323); Scientific instruments 
(NACE 331); Communications (NACE 64); Computer and related activities (NACE 72). 
13 Non-ICT firms are found in the following sectors: Quarrying (NACE 14); Food, drink and tobacco (NACE 15-
16); Textiles (NACE 17); Leather and footwear (NACE 19); Wood and products of of wood and cork (NACE 
20); Pulp, paper and paper products (NACE 21); Mineral oil refining, coke and nuclear fuel (NACE 23); 
Chemicals (NACE 24); Rubbers and plastics (NACE 25); Non-metallic mineral products (NACE 26); Basic 
metals (NACE 27); Fabricated metal products (NACE 28); Motor vehicles (NACE 34); Construction (NACE 
45); Sale, maintenance and repair of motor vehicles and motorcycles ; retail sale of automotive fuel (NACE 50) ; 
Hotels and restaurants (NACE 55) ; Inland transport (NACE 60) ; Water transport (NACE 61) ; Air transport 
(NACE 62) ; Supporting and auxiliary transport activities ; activities of travel agencies (NACE 63) ; Real estate 
activities (NACE 70) ; Other business activities (NACE 749).  
  14firms use a slightly larger proportion of middle-aged and old workers. There are other 
workforce and firm characteristics which differ more severely across ICT and non-ICT firms. 
On average, ICT firms employ a larger share of women and white-collar workers. Workers 
within ICT firms are also more educated. Moreover, it is noteworthy that non-ICT firms are 
most representative of the manufacturing sector (around 70%) while most ICT firms are in 
wholesale and retail trade (around 38%) and real estate, renting and business activities 
(around 31%). Figures are qualitatively similar for 1995 and 2003. 
 
[Insert Tables 5 and 6] 
 
  Columns (1) and (3) of Table 5 show that each age share variable has a positive and 
significant impact on firm productivity except the coefficient of older workers in the ICT 
sectors which is not significant (and negative in 1995). Table 6 indicates that, as expected 
from earlier results (see section 5), an increase in the share of younger workers has strictly 
positive effects on ICT and non-ICT firms. On the other hand, a more elderly workforce tends 
to reduce firm performance. Nevertheless, the magnitude of these effects differs across ICT 
and non-ICT firms. Indeed, non-ICT firms are less negatively (positively) affected by an 
increase in the share of older (younger) workers. Moreover, in 2003 the penalty of employing 
older workers instead of middle-aged workers tends to disappear. Several elements may be 
put forward to explain such differences in age effects between ICT and non-ICT firms. On the 
one hand, one may expect that the current technological progress in the ICT sectors requires 
workers with strong learning abilities and who are able to adjust quickly to new forms of 
work organization. ICT firms may also prefer people who can perform simple and routine 
tasks which do not call for much experience but rather for speed and flexibility. Since older 
workers learn at a slower pace due to age-related declines in processing speed (Baltes and 
  15Lindenberger, 1997; Hoyer and Lincourt, 1998) and may be less interested in performing such 
tasks, ICT firms are better off with a higher share of younger workers. On the other hand, 
firms using ICT intensively need individuals with high current and future cognitive skills. 
This is why those firms may be more likely to invest in training programmes addressed to 
younger workers. Indeed, firms may be more reluctant to invest in the training of older 
workers since i) the period of time left to benefit from such an investment is shorter (Brooke, 
2003; Prskawetz et al., 2006), ii) older workers show serious problems in learning something 
really new (Hayward et al., 1997) and iii) older workers are less motivated to spend time in 
training systems. Finally, non-ICT firms may suffer less from an older workforce since within 
these firms job experience and the specific knowledge of elderly workers may compensate for 
the decrease in other cognitive skills (Skirbekk, 2003). 
 
7. ROBUSTNESS TESTS 
 
In this section we address the potential endogeneity problem of workforce age structure, 
which could bias OLS estimates of age effects. The point is that any unobserved productivity 
shock might generate correlated changes in the workforce age structure and labour 
productivity that are not due to the ageing of the workforce per se. For example, one might 
expect that a firm undergoing a negative productivity shock would prefer not to hire new 
individuals, which would increase the age of the workforce. Hence, the correlation that we 
could find, using OLS estimations, between a decrease of firm productivity and the rise of the 
share of older workers could be purely spurious.  
  To control for that problem, we build a panel of firms from the SES and SBS for the 
years 1995 and 2003. Indeed, Statistics Belgium provides us with an additional data set (call 
it, UNIQUE). This data set comprises information on employer and employee characteristics 
  16in 2003 coupled with data on value added of firms in 1995. In order to have a panel of firms 
with data on value added in 1995 and 2003 combined with data on workers and firms 
characteristics for the same years, we merge UNIQUE with the 1995 SES-SBS data set. To do 
so, we use the 1995 value added per firm since the identification codes of firms (randomized 
numbers) differ across these two data sets. We keep firms with a minimum of 100 workers 
and drop those with: i) the same value added (to avoid wrong combinations of firms) and ii) at 
least one age share equal to zero (because the logarithm of zero does not exist). Our final 
sample, containing 161 firms, is representative of the whole Belgian private sector with the 
exception of: i) mining and quarrying, ii) electricity, water and gas supply, and iii) financial 
activities. Also noteworthy is that workforce characteristics, and more particularly the age 
categories, are calculated on an average number of observations equal to 25.
14
  To correct for the risk of an endogeneity bias in OLS estimates of age effects, we 
replace each age variable in 2003 by its lagged value in 1995. In other words, we regress the 
value added (per capita) per firm in 2003 on these three lagged variables and we control for 
many other workforce and firm characteristics in 2003.
15
 
[Insert Tables 7 and 8] 
 
                                                 
14 See Appendix I for the descriptive statistics of the panel.  
15 We could also instrument age share variables in 2003 with their respective values in 1995. However, doing so 
does not add very much to what we did since we can not test the validity of our instrument. Indeed, because we 
have only one instrument for one variable to be instrumented, we cannot run the Sargan’s (1964) 
overidentification test. Another way to control for the simultaneity problem is to use the semi-parametric 
estimators developed either by Olley and Pakes (1996) or Levinsohn and Petrin (2003). Nevertheless, we cannot 
rely on these alternative approaches since we do not have data on firm investments and intermediate inputs.  
  17  The most important difference with previous results (when we do not address the 
endogeneity problem) is that age effects are bigger. A higher share of younger workers 
increases firm productivity while employing a larger proportion of older workers (this effect 
was not very large in 2003) generates stronger detrimental effects (Table 8). To put it 
differently, these results highlight the benefits of hiring young and middle-aged workers.
16 On 




We investigated the impact of the workforce age structure on the productivity of large Belgian 
firms. More precisely, we examined different scenarios of changes in the proportion of young 
(16-29 years), middle-aged (30-49 years) and old (more than 49 years) workers and their 
expected effects on firm productivity. Our paper contributes significantly to the existing 
literature as it is one of few to: i) focus on more than one or two industries, ii) show the 
impact on productivity of all possible changes in the proportion of young, prime-aged and old 
workers at the firm level, iii) distinguish between ICT and non-ICT firms, and iv) deal with 
                                                 
16 Another problem is that firm productivity might be influenced by fixed and quasi-fixed characteristics of firms 
(overall in industrial plants). The idea is that the production characteristics of a firm, inter alia the workforce 
composition within a firm, might be reflective of the technology adopted at the time of the creation of that firm. 
Hence, one can be wrong in attributing the effects of age variables on firm productivity to an ageing of the 
workforce instead of technological age of the firm. To analyse whether age effects obtained with OLS are driven 
by firm fixed effects, we regress the difference in the log of valued added between 2003 and 1995 on the 
difference in the age share variables, controlling for the difference in the other variables of our model. However 
we do not find any statistically significant relationship between these variables. One reason might be the 
relatively small size of our sample. Another might be that the lag between 1995 and 2003 is too big, so that it is 
difficult to isolate the existence of a relationship between the variation in firm productivity and changes in 
workforce age structure.  
  18the potential endogeneity problem of the workforce age structure. Moreover, it is the first to 
analyse the effects of changes in the workforce age structure on the productivity of firms in 
the Belgian private sector. 
  Empirical findings, based on two cross-sectional employer-employee matched data 
sets for 1995 and 2003, show that a higher share of young workers within firms is favourable 
for productivity. In contrast, an older workforce age structure is found to be harmful for firm 
value added per capita. These findings are robust to the potential simultaneity problem 
between firm productivity and workforce age structure. We addressed this issue using a 
unique panel data set. Finally, additional results indicate that an increase in the share of young 
(old) workers has a stronger positive (negative) effect on the productivity of ICT firms than 
non-ICT firms. 
  A better understanding of the influence of fixed unobserved characteristics of firms on 
productivity is surely a very promising question for future research. Furthermore, it would be 
interesting to examine whether age effects on productivity vary according to firm size. Yet, at 
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Table 1: Means and Standard Deviations of Selected Variables
+  
Year  1995 2003 
Variables  Mean  SD Mean SD 
Value added per employee at factor costs (in thousands of EUR)  64.69  42.20 69.33 49.33 
Share of workers < 30 years  25.73 14.3  21.94  12.92 
Share of workers between 30 and 49 years  60.23 13.4  61.42  12.87 
Share of workers >= 50 years  14.03 8.9  16.64  10.51 
Mean age (years)  37.37 3.63  38.49  3.53 
Standard deviation of age (years)  9.45  1.54 9.54 1.51 
Mean gross hourly wage per employee
1 (in EUR)  12.99 3.68  14.64  3.81 
Standard deviation of  gross hourly wage per employee² (in EUR)  3.90  3.18 4.46 3.12 
Mean tenure (years)  10.81  4.60 9.67 4.89 
Female (percentage)  27.90  25.10 29.75 29.84 
Mean schooling (years)  11.22 1.82  11.38  1.93 
Standard deviation of schooling (years)  2.03  0.81 1.88 0.82 
Blue-collar  workers  45.90  34.44 51.88 35.76 
Part-time  workers  (percentage)  12.27  24.12 13.46 17.96 
Size of the firm (number of workers)  353.35  594.53  266.49  363.46 
Region       
Brussels  15.87   15.95  
Wallonia  19.80   20.55  
Flanders  64.33   63.50  
Level of wage bargaining:         
CA only at national and/or sectoral level
2 45.59   63.77  
CA at the company level
2 45.67   36.23  
Other  8.74   0  
Type of financial control         
Fully state owned firm  0.09    0.15   
Mainly state owned firm (>50%)  1.90    0.98   
Privately  owned  firm  91.61   96.45  
Other 6.40    2.42   
Sector       
Mining and quarrying (C)  0.44    0.37   
Manufacturing  (D)  52.43   46.66  
Electricity, gas and water supply (E)  0.86    0   
Construction (F)  3.75    8.61   
Wholesale and retail trade; repair of motor vehicles (G)  21.95    16.64   
Hotels and restaurants (H)  1.23    2.13   
Transport, storage and communication (I)  5.86    8.46   
Financial activities (J)  0    0.97   
Real estate, renting and business activities (K)  13.48    16.17   
Average number of observations per firm  34.73    25.05   
Number  of  firms  691   1,204  
+ The descriptive statistics refer to the weighted sample. 
1 Individual gross hourly wages include overtime paid, premiums for shift work, night work and/or weekend 
work. 
2 CA stands for collective labour agreement.   25 
   
Table 2: OLS estimates of age structure effects on firm productivity  
  1995 2003
              (1) (2) (3) (4) (5) (6)
Log  share<30              0.052 0.243** 0.211** 0.056 0.141** 0.137**
  (0.122)            (0.055) (0.045) (0.050) (0.038) (0.037)
Log share 30-49  0.749*  0.536**  0.415**  0.381**  0.252*  0.205* 
  (0.382)            (0.168) (0.124) (0.157) (0.123) (0.102)
Log share 50+  0.055  0.029  0.001  0.118**  0.059°  0.053° 
  (0.092)            (0.036) (0.030) (0.047) (0.036) (0.030)
Workforce characteristics
1 No            Yes Yes No Yes Yes
Firm characteristics
2 No            No Yes No No Yes
F-stat  5.02**            90.72** 55.95** 3.13** 81.62** 51.34**
Adj. R²                 0.10 0.65 0.68 0.02 0.46 0.51
Number of observations  691  691  691  1,204  1,204  1,204 
Notes: The dependent variable is the ln of value added per capita. Regressions have been estimated by OLS with White (1980) heteroscedasticity-consistent standard errors. 
Robust standard errors are between brackets. 
**/*/°: indicate significance at the 1, 5 and 10% level, respectively. 
1 Mean and standard deviation of the number of years of schooling, mean and standard deviation of gross hourly wages, share of blue-collar workers, share of women, 
percentage of part-time workers. 
2 Sectoral affiliation at the NACE one digit level (seven dummies), size (in level and square), level of collective wage agreement (two dummies), regional affiliation (two 
dummies), type of economic and financial control (three dummies). 
 Table 3: Overall effects of changes in age shares on firm productivity 





    1995 2003 
      
 Middle-aged  +0.4%  +0.6% 
Young (<30 years)       
 Old  +2.1%  +0.7% 
      
 Young  -4.6%  -1.8% 
Middle-aged (30-49 years)       
 Old  +4.0%  +0.1% 
      
 Young  -1.1%  -0.5% 
Old (50 years or more)       
 Middle-aged  -0.9%  -0.1% 
      
Notes: These effects are based on estimates from columns (3) and (6) of Table 2 and  
on mean values of age share variables of Table 1. 
 
  26Table 4: Means of main variables in ICT and non-ICT sectors
+  
  1995 2003 
  ICT Non-ICT  ICT Non-ICT 
Value added per employee at factor costs (in thousands of 
EUR)  59.7 69.5 67.4 70.9 
Share of workers < 30 years  26.6 24.8 23.0 21.1 
Share of workers between 30 and 49 years  59.6 60.9 60.9 61.8 
Share of workers >= 50 years  13.8 14.3 16.1 17.1 
Mean age (years)  37.1 37.6 38.2 38.7 
Standard deviation of age   9.5 9.4 9.5 9.5 
Mean gross hourly wage per employee (in EUR)  12.9 13.1 15.0 14.3 
Standard deviation of  gross hourly 
wage per employee  4.1 3.7 4.9 4.0 
Female (percentage)  38.4 17.6 40.8 20.7 
Mean schooling (years)  11.6 10.8 11.9 10.9 
Standard deviation of schooling   1.9 2.2 1.8 1.9 
Blue-collar workers (percentage)  36.4 55.2 34.5 66.1 
Part-time workers (percentage)  19.0 5.7  19.01  8.9 
Size of the firm (number of workers)  280.7 424.4 284.1 252.2 
Sector      
Mining and quarrying (C)  0 0.8 0 0.6 
Manufacturing (D)  27.5 76.8 26.6 63.0 
Electricity, gas and water supply (E)  1.7  0 0 0 
Construction (F)  0 7.4 0  15.6 
Wholesale and retail trade (G)  41.5 3.1 34.1 2.4 
Hotels and restaurants (H)  0 2.4 0 3.9 
Transport, storage and communication (I)  2.1 9.5 1.8  13.9 
Financial activities (J)  0  0 2.1 0 
Real estate, renting and business activities (K)  27.2 0 35.4  0.6 
Number of firms  295 396 499 705 
+ The descriptive statistics refer to the weighted sample. 
 
  27Table 5: Age structure effects on firm productivity: ICT vs. non-ICT sectors 
  1995 2003 
  ICT  Non-ICT   ICT  Non-ICT  
 (1)  (2)  (3)  (4) 
Log share<30  0.23**  0.35**  0.19**  0.09* 
 (0.06)  (0.07)  (0.06)  (0.04) 
Log share 30-49  0.25°  0.81**  0.28°  0.20° 
 (0.14)  (0.19)  (0.17)  (0.12) 
Log share 50+  -0.02  0.11*  0.05  0.07° 
 (0.03)  (0.05)  (0.05)  (0.04) 
Workforce characteristics
1 Yes Yes Yes  Yes 
Firm characteristics
2 Yes Yes Yes  Yes 
F-stat 46.95**  14.7**  26.9**  35.3** 
Adj. R²  0.76  0.54  0.54  0.47 
Number of observations  295  396  499  705 
Notes: The dependent variable is the ln of value added per capita. Regressions have been estimated by OLS with 
White (1980) heteroscedasticity-consistent standard errors. Robust standard errors are between brackets. 
**/*/°: indicate significance at the 1, 5 and 10% level, respectively. 
1 Mean and standard deviation of the number of years of schooling, mean and standard deviation of gross hourly 
wages, share of blue-collar workers, share of women, percentage of part-time workers. 
2 Sectoral affiliation at the NACE one digit level (seven dummies), size (in level and square), level of collective 
wage agreement (two dummies), regional affiliation (two dummies), type of economic and financial control 
(three dummies). 
 
  28Table 6: Overall effects of changes in age shares on firm productivity in ICT and non-
ICT sectors 
A 10% increase of:  combined with a 
corresponding 
decrease of: 
changes firm productivity by: 
   1995 2003 
   ICT  Non-ICT  ICT  Non-ICT 
        
  Middle-aged  +1.2% +0.2% +0.8% +0.2% 
Young (<30 years)           
  Old  +2.6% +1.5% +1.9% +0.1% 
        
  Young  -3.1% -0.6% -2.2% -0.6% 
Middle-aged (30-49 years)           
  Old  +2.5% +3.3% +2.8% -0.5% 
        
  Young  -1.2% -0.9% -1.3% -0.1% 
Old (50 years or more)           
  Middle-aged  -0.6% -0.6% -0.7% +0.1% 
         
Notes: These effects are based on estimates from Table 5 and on mean values of age share variables of Table 4.  
 




Log share 30-49  0.53** 
 (0.21) 







Adj. R²  0.50 
Number of observations  169 
Notes: The dependent variable is the ln of value added per capita in 2003. Regression has been estimated by 
OLS with White (1980) heteroscedasticity-consistent standard errors. Robust standard errors are between 
brackets. 
# : values of the log of age shares per firm in 1995. 
**/*/°: indicate significance at the 1, 5 and 10% level, respectively. 
1 Mean and standard deviation of the number of years of schooling, mean and standard deviation of gross hourly 
wages, share of blue-collar workers, share of women, percentage of part-time workers. 
2 Sectoral affiliation at the NACE one digit level (seven dummies), size (in level and square), level of collective 
wage agreement (two dummies), regional affiliation (two dummies), type of economic and financial control 
(three dummies). 
 
  30Table 8: Overall effects of changes in age shares on firm performance correcting for 
simultaneity 






    
 Middle-aged  +0.2% 
Young (<30 years)     
 Old  +2.5% 
    
 Young  -0.6% 
Middle-aged (30-49 years)     
 Old  +5.3% 
    
 Young  -1.4% 
Old (50 years or more)     
 Middle-aged  -1.2% 
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Means and standard deviations of selected variables (Panel)  
Year  1995 2003 
Variables  Mean  SD Mean SD 
Value added per employee at factor costs (in thousands of EUR)  58.8  33.1 73.8 41.9 
Share of workers < 30 years  26.8  16.1 19.1 11.8 
Share of workers between 30 and 49 years  59.2  15.1 61.4 13.7 
Share of workers >= 50 years  13.9 9.5  19.4  11.1 
Mean age (years)  37.3  4.3 39.6 3.1 
Standard deviation of age (years)  9.5  1.5 9.7 1.6 
Mean gross hourly wage per employee
1 (in EUR)  12.3  3.3 15.4 4.2 
Standard deviation of  gross hourly wage per employee
2 (in EUR)  3.7  2.4 4.9 3.2 
Mean tenure (years)  11.0  4.8 11.4 4.3 
Female (percentage)  23.2  21.1 24.9 20.3 
Mean schooling (years)  11.3 1.7  11.38  1.93 
Standard deviation of schooling (years)  2.1 0.7  1.88  0.82 
Blue-collar  workers  44.5  32.0 53.5 34.1 
Part-time  workers  (percentage)  7.9  20.5 10.4 12.1 
Size of the firm (number of workers)  294.7  280.7  262.7  164.6 
Region       
Brussels 14.7    14.4   
Wallonia 13.5    16.1   
Flanders 71.8    69.5   
Level of wage bargaining:         
CA only at national and/or sectoral level
2 47.3   59.8   
CA at the company level
2 42.9   40.2   
Other  9.8   0  
Sector       
Mining and quarrying (C)  0    0   
Manufacturing (D)  63.3    63.3   
Electricity, gas and water supply (E)  0    0   
Construction (F)  9.9    9.9   
Wholesale and retail trade; repair of motor vehicles (G)  12.4    12.4   
Hotels and restaurants (H)  1.2    1.2   
Transport, storage and communication (I)  3.8    3.8   
Financial activities (J)  0    0   
Real estate, renting and business activities (K)  9.4    9.4   
Number of observations per firm  24.8    25.3   
Number of firms  161 
1 Individual gross hourly wages include overtime paid, premiums for shift work, night work and/or weekend 
work. 
2 CA stands for collective labour agreement. 
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